Objective-To explore associations between exposure to asbestos cement dust and radiographic findings in lung parenchyma and pleura. Methods-Radiographs from 174 blue collar workers and 29 white collar workers from an asbestos cement plant formed one part of the study. Progression of small opacities was further studied in those 124 blue collar workers, for whom two radiographs taken after the end of employment were available. The median readings from five readers who used the full ILO 1980 classification were used. As exposure indices, time since start of employment, duration of employment, cumulative exposure, and average intensity of asbestos exposure were used. The influence of age and smoking was also considered in multiple logistic regression analyses. Results-Small opacities (profusion > 110) were closely correlated with time related exposure variables, and showed weaker association with intensity based exposure variables. The odds ratio (OR) for small opacities was equal to 2-8 (90%/6 CI 1-2, 6-7) in the >30 f(fibre)-y/ml group, compared with those in the 0-10 f-y/ml group. Progression of at least two minor ILO categories after the end of employment was seen in 20%. Also, pleural thickening was closely related to time. By contrast, costophrenic angle obliterations were not associated with the time related variables, but closely associated with the intensity of asbestos exposure, and tended to occur during employment. The Conclusions-In these workers, exposed mainly to chrysotile but also to small amounts of amphibole, the risk of radiographically visible parenchymal abnormality was substantially increased and strongly dependent on time related exposure variables. Progression was found long after the end of exposure. The findings on costophrenic angle obliterations, supposed to be sequelae of benign pleural effusions, were consistent with an immediate reaction triggered by intense asbestos exposure.
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(Occup Environ Med 1 995;52: [20] [21] [22] [23] [24] [25] [26] [27] Keywords: chest x ray; asbestos cement Asbestosis is today in most instances a nonfatal, slowly progressive disease. Differences between work forces in exposure-response relations for radiological abnormality suggest both a fibre and a process effect.' Differences in the slopes of the cumulative exposureresponse curves for the prevalence of radiological changes indicative of fibrosis have been found in cohorts of workers exposed to chrysotile. Thus, for miners and millers the slope is flat, whereas for textile workers, the slope is much steeper-a pattern similar to the findings for lung cancer. Data frond the asbestos cement industry are not consistent. As the asbestos cement industry is now the largest user of asbestos fibres,2 and is still expanding in some parts of the world, there is a need for further information.
The prevalence of pleural abnormality exceeds that of parenchymal disease in most populations exposed to asbestos. Plaques on the parietal pleura can occur after slight exposure, slowly developing over decades, and usually cause a clinically negligible functional impairment.' In contrast, diffuse pleural fibrosis, if extensive, may produce severe impairment of ventilation. Although it is evident from necropsy studies that the tissue fibre burden is greater in patients with diffuse pleural fibrosis than in patients with plaques alone,4 exposure-response relations for diffuse pleural fibrosis and for benign pleural effusions need to be better understood. We here present a study of radiographic changes in asbestos cement workers, followed up until advanced age.
Materials and methods

SUBJECTS AND RADIOGRAPHS
The study base comprised 249 male blue collar workers with at least 10 years of employment at an asbestos cement plant, born in 1900 or later, and still alive on 1 January, 1978. This group represents 60% of all male blue collar workers, ever employed for at least 10 years at the plant. A limited number of workers with certain dusty tasks at the plant had been compulsorily examined at the Department of Radiology, Lund University Hospital, before and during employment since 1962, and all workers had been offered examinations in 1971 and 1974. Moreover, all ex-workers from the plant had been invited to health examinations in 1978 and 1984. Also a small number of men, compensated for asbestosis, had been examined for medicolegal reasons. As the plant was situated in the local catchment area of this hospital, radiographs taken for clinical reasons were also available, but, 21 -1 (10-51) Average intensity (f/ml)t 1-0 (0 1-8-6) 00 (00-0-6) 0-9 (0-1-4-0) Cumulative dose (f-y/ml)t 19 (1-8-196) 0-0 (0-0-1-4) 19 (2-1-127) Start of employment 1951 (1920-1967) 1962 1952 6 The radiographs were read in random order without knowledge of exposure history, age, or date of examination. Eighty four trigger films from the same laboratory were irregularly interspersed among the radiograph series. The median reading from a previous trial, in which the present readers had participated,7 was used as a gold standard. The ILO reading protocol was extended, according to a recent proposal for revision of the ILO classification.8 The presence of pleural strands, radiating from the pleura into the parenchyma, either separate or confluent (crow's feet), or in connection with rounded atelectases were noted. Apical pleural thickenings were noted if the width was > 1 0 cm, the contour was downwardly convex and uneven, and if there was an assymetry. A thickening of the interlobar fissure of > 1 mm was noted. Additional standard radiographs for these features were not provided. This may partly explain the considerable variation between the readers over the frequency of notation of these extensions on all 596 radiographs read; 3-15% for fibrous strands, 1-8% for apical thickenings, and 0-5-10% for interlobar fissure thickening.
STATISTICS
We decided to analyse the impact of exposure on findings from the first available radiograph for each asbestos cement worker, because all workers were then included in the analysis and, also, the individual exposures had a relatively large variability when assessed at the time of the first radiographs. White collar asbestos cement workers were also included in the analysis to obtain a greater variation for exposure variables that incorporated a measure of intensity. Usually, prevalence refers to a certain point of time; here it is defined with respect to the radiographs. The odds ratio (OR) was used as the effect measure for comparison between different categories of workers with respect to variables related to exposure. An odds equals P/(l-P), where P denotes the probability of a particular finding on the first available radiograph. Hence, it should be noted that the corresponding onset of abnormality occurred at some time before the first radiograph was taken. Logistic regression was used for estimation of ORs adjusted for age and smoking.9
Age was trichotomised (finer stratification implied no substantial residual confounding by age), and smoking was coded as nonsmoker, ex-smoker, and current smoker; these factors were regarded as potential confounders. When such a factor was included in a multivariate model, we tested whether there was evidence of interaction in the data; however, no significant interactions were found.
For blue collar workers, who had two radiographs after the end of employment, we considered progression (at least two minor categories of profusion) of small opacities. Let T. and T2 denote the times of those radiographs (T <T2). The determinants considered in logistic regression analyses were: time between T, and T,, age at T2, smoking habit at T2, average intensity, duration of employment, cumulative exposure, time between the end of employment and T, and profusion (SiO/l v >1/0) atT. Table 2 shows the distributions of ILO minor 22 group.bmj.com on July 8, 2017 -Published by http://oem.bmj.com/ Downloaded from categories for profusion of small opacities in the first available radiographs from asbestos cement workers. Among the blue collar asbestos cement workers, 20% had profusion > 1/0. Among the white collar asbestos cement workers the corresponding figure was 7%. As the age distribution and smoking habits of the white collar workers differed from those of the blue collar workers (table  1) , this prevalence merely indicates the reading level of the panel, and cannot be directly compared with that of the blue collar asbestos cement workers.
Results
SMALL OPACITIES
Among the 38 blue collar asbestos cement workers with parenchymal abnormality, 18 had also definite chest wall thickenings, and one had an obliterated costophrenic angle.
The time related exposure variables, after controlling for age and smoking, were each associated with the presence of small opacities with profusion > 1/0 ( 
Progression after the end of employment was seen in 20% of the men. The probability of progression increased with intensity and duration of employment, and was indicated also for time since the end of employment (table  5) . Neither smoking and age, nor the initial Table 4 Final multivariate logistic regression models, obtained in the analysis of the relation between the prevalence ofsmall opacities and potential determinants (data were from 203 asbestos cement workers) High 1-9 (0 55, 6-2) 1-7 (0-45, 6-2) 3-3 (1-1, 9 9) 2-4 (0-56,11) Low = intensity < 1 f/ml (n = 117); duration < 14 y (n = 84); cumulative dose < 10 f-y/ml (n = 81); time since start of employment <14 y (n = 57). Medium = intensity 1-2 f/ml (n = 61); duration [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] group.bmj.com on July 8, 2017 -Published by http://oem.bmj.com/ Downloaded from degree of profusion, were significant determinants for progression. Small opacities > 1/0 were found in 40% of the last radiographs (median 31 years after the start of employment).
PLEURAL THICKENINGS
The prevalence of any chest wall thickening on the first radiograph was 48% among the asbestos cement blue collar workers (table 2) . Bilateral changes were seen in 30%. Of those with chest wall thickenings, 67% had circumscribed thickenings only, 15% had diffuse thickenings only, and 19% had both types of changes. Among the white collar workers the prevalence of any chest wall thickening was 17%.
The time related variables, after controlling for age, were each associated with the presence of definite chest wall thickening (table 3). Smoking category had no impact. In a further analysis (not in table) the intensity of exposure, with age and duration of employment included in the model, contributed significantly, with an OR of 2-1 (90% CI l-1, 4-1) in the 1-2 f/ml group, and OR 2-2 (90% CI 0 90, 5 2) in the >2 f/ml group.
The findings for definite circumscribed thickenings were similar. In a further analysis (not in table) the intensity of exposure contributed to an OR of 2-3 (90% CI 1-1, 4-8) in the 1-2 f/ml group, and an OR of 2-2 (90% CI 0-76, 6-5) in the >2 f/ml group after adjustment for age, duration of employment, and smoking (for which a very small confounding effect was found).
The presence of any diffuse chest wall thickening showed weak or no relations with the exposure variables examined.
OBLITERATION OF THE COSTOPHRENIC ANGLE
Among the blue collar asbestos cement workers, the prevalence of obliteration of the costophrenic angle was 8% (table 2). Of the 14 radiographs, two showed bilateral obliterations, and 10 showed a diffuse ipsilateral chest wall thickening. On one radiograph there were small opacities >,1/0. Among the white collar workers there were no obliterations.
Among the 14 asbestos cement workers 14 radiographs did the readers comment on suspected tuberculosis or fractured ribs, and only one had a noted enlargement of the cardiac outline. In contrast with the findings for parenchymal changes and other pleural changes, duration of employment and time since start of employment showed no association with the presence of obliterated costophrenic angles after adjustment for age (table 3). The average intensity was, however, clearly associated with obliterations with ORs of 4-5 (90% CI 1-3-15) in the >2 f/ml group and 2-1 (90% CI 0 68-6 2) in the intermediate group, compared with the < 1 f/ml group. Smoking had no influence. We further studied all obliterations found before the age of 65. Obliterations were found in nine out of 1-16 men curing employment, whereas obliterations occurred in only one man out of 45 after the end of employment (Fisher's exact test; P (two sided) = 0-28).
PLEURAL STRANDS
Strands were seen on 9% of the first radiographs among the blue collar workers (table  2) , and were associated with other pleural changes in all but three of the 15 radiographs. Nine radiographs also showed small opacities > 1/0. There was no radiograph with a median reading that indicated a rounded atelectasis. Only one of the 29 white collar workers had visible strands.
Neither time since the start of employment nor duration of employment were associated with strands (table 3) . For the highest cumulative exposures, the risk was significantly increased. The point estimate also increased with increasing intensity (not significant; in the combined group > 1 fYml an OR of 1 8, 90% CI 0-76, 4-4 was found).
OTHER FEATURES
Only two asbestos cement workers had apical pleural changes on the first radiograph available. With the last radiograph instead, there were 14 out of 124 blue collar asbestos cement workers with apical pleural changes. On all but one of these radiographs there were session model, other chest wall thickenings, of which seven between progression also included obliterated costophrenic angles. A thickened interlobar fissure on the first [6] [7] (1-8, 25) radiograph was noted in three asbestos cement blue collar workers. With the last radi- the white collar workers.
Radiological changes in asbestos cement workers
Discussion
In previous studies from this asbestos cement factory we have reported data on mortality and cancer morbidity,' lung function,'0 histopathological findings," and asbestos fibre content in lung tissue.'2 Our present study adds complementary information on radiographical findings. The study base-men alive in the beginning of 1978-represents about 60% of all blue collar workers employed in the factory for at least 10 years. Radiographs were available for 70% of the men in. the study base, however, only for three of the 16 men (19%) who died during 1978 and 1979. Hence, the study investigates survivors.
Although it is difficult to evaluate the overall selection bias, we believe that our results tend to underestimate, rather than overestimate the effects of exposure. Independent randomised reading according to the ILO classification has been advocated whenever an estimate of prevalence is required from serial films because of the bias that may occur in side by side reading. 13 Independent randomised reading was also used for determination of progression for feasibility reasons. The readers in our present study were jointly trained in the use of the ILO classification, which may explain the relatively small between observer variability. We used median readings in all analyses to reduce random variations in the outcome classification. The over or under reading level seems reasonable, as judged from the 7% prevalence for small opacities of profusion > 1/0 found in the white collar workers, compared with the reported 4% prevalence from a sample of men from the general population with a mean age of 50. '4 The median cumulative asbestos exposure among the blue collar workers was 19 (25, 75 percentiles 8-6, 47) f-y/ml. Thus, we are investigating men with low to moderate asbestos exposure on a group level. The validity of exposure estimates is crucial, when exposure-response relations are evaluated. Our estimates of airborne levels of asbestos fibres in the plant are substantially lower than those presented from some asbestos cement plants,"5 '7 but in the same range as in others. '8 19 Both differences in the interpretations of results from early stationary sampling and real differences in the production technology between the plants are likely to contribute to these discrepancies. Detailed occupational histories were taken at a personal interview and from company data for most subjects.
Thus, should we have underestimated exposure levels, we still assume that we have assigned the workers to the right category.
A further problem in any prevalence study, but not always recognised, is that the time of onset of an abnormality is not known. Duration of employment, cumulative exposure, and time since the start of employment to the onset of an abnormality will thus be overestimated. This might result in an underestimation of the slopes of these exposureresponse relations that assume fixed exposure categories. In contrast, average intensity would tend to be underestimated, assuming that exposure levels gradually diminished with time. In the follow up study, these drawbacks were reduced for the time related exposure variables, and disappeared for intensity.
PARENCHYMAL ABNORMALITY
Asbestosis was, in the days of intense exposures at the beginning of the century, a rapidly progressive disease.20 With the considerably lower exposure levels encountered later on, it has become evident that time since the start of exposure is an important predictor of the risk for onset and progression of radiologically detectable parenchymal abnormality.2' As in several other studies on the prevalence2225-27 and progression22-24 2R 29 of small opacities, time related variables such as duration of employment and cumulative exposure showed positive associations. Our findings for small opacities thus agree well with the present knowledge.
With 1/0 as a cut off point for parenchymal abnormality, the estimated smoking effect was of the same magnitude as the effect in the highest exposure group. The point estimate for smoking agrees with estimates from other workforces exposed to asbestos. 30 The use of 1/1 as a cut off point for parenchymal abnormality instead of 1/0 indicated a more pronounced impact of asbestos exposure, and considerably reduced the OR associated with smoking relative to the estimated effects of exposure-a finding that is consistent with the assumption that cigarette smoking in itself may cause mild, but not considerable fibrosis.3' Thus, the higher degrees of profusion probably reflect a more specific response to asbestos exposure.
The average intensity of exposure was not a determinant for the presence of small opacities in the prevalence study. Indeed, as exposure levels fall, personal characteristics may well assume a greater importance in determining not only the actual amount of fibres delivered to the lung tissue and retained there, but also the nature of the response. Workers with high average intensity had, however, an increased risk for progression after the end of employment, when duration of employment was taken into account. One can speculate that this finding actually reflects exposure of such a degree as to cause alveolar macrophage overload that resulted in diminished clearance and subsequently a higher tissue dose after exposure, which is not accurately represented by a cumulative exposure measure. 32 In workers from the asbestos cement plant studied, fibrosis in histopathological slides from the lungs of deceased workers was more common and more pronounced than among controls. In groups of workers with symptoms or signs suggestive of respiratory disease, functional changes were also found that reflected lung fibrosis'0 and increased lung density in computerised chest radiographs.3' The mean estimated cumulative exposures in those study groups was about 20-25 f-y/ml. In our present study, the risk for small opacities > 1/0 was increased to almost threefold at >30 f-y/ml. 
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